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Novel aromatic .sulfonium compounds of general formula (I), photoacid generators comprising the same, and photopo- 
lymerizable compositions containing the same, capable of providing stereolithographic resin compositions which do not 
suffer from the hindrance to curing by oxygen, can easily give shaped articles having desired sizes by virtue of the high 
accuracy thereof in curing, and can attain a satisfactory curing depth owing to the high sensitivity thereof for radiant 
energy; and a stereolithographic process. 
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Description 

Background nf th*> | nV rntinn 
5 [Field of the Invention] 

generator, and a stereolithographic process ster ^'«n°9raph«c res.n composition comprising the said photoacid 
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catiomc polymerization initiators, respectively And JaoaneL 71 ! , P d ' Pheny ' Su,fonium impounds as 
55- 12 5105 disciose a practical Method produce a suSnTum ^ L- * 0p " N ° SHO 55 " 1251 <* and 

[0003] Further, Japanese Patent ADDlica7 0 nT a t^ T u« 3 C3t, ° niC P 01 *™**"**" initiator to use 
salt having a diphenyLfide sSe^Tca^y^ £ ? " 25922 ^ 7 - 1 ° 9U **" SU " onium 
[0004] Here, as for a stereolithographic Socess Z ?J£?Z a cafonic polymerfeation initiator. 

Application Laid-open Nc.SHO 60-247515, wferaTnl g^n S5 o^hl * Mrtb- Japanese Pate « 

continuously to a beam such as argon, he ium^admium or ^Znl^ ^"" 3 reS ' n P ' aCed in a vessel is e*P°sed 
tion, in order to produce a desired plane of c^yTZ, TSSf* fr ° m ^ t0 ° Ure the ex P° sed P° r ' 
curing resin, which is then photo-cured in th^s^me ma^er tl n r ^ ^ ' S ° Ver ' aid With anotner '«*«• of the photo- 
laps the first layer; and the same pracess L ^eate^Xa v 22f* h H 001 * ^ ,ayer WhiCh °°n«nuously over- 
go As resins previously uidforle^ 

.cally polymerizing resin compositions and, for ewmrtTjmiSSS nfi^ P - 0CeSS ' menti0n ma y be made ° f «d- 
NO.HEI 5-279436 dfeclose a stereolithographic S rrSTcSS^ T ^ " ° P6n No HEI **** 2 ™« 
anese Patent Application Laid-open No HEK ,5^ !f V ° f ( meth > acr y'fc resin. Further, Jap- 

graphic resin which contains iiquid resin and fine^rlisl^ d!L? Cl " 9 deformation - di **>ses a stereolitho- 
For producing moldings at higher precision ^^S^T^ SpSCific 9ravitv is less than 0.2. 
Photo-initiator, and a potentially lL*S^S23" rated ethylene-derivative monomer, a 
Applications Laid-open No.HEl 3-15520, iSatSS^SiSSSS 06 " ™ P ° rt,d h Japanese Patent 

a photo-initiator, and a potentially soluble mdliSSSiS^ K " n !, atUrated ^hylene-derivative monomer, 
open No.HEl 3-41 126. In addition, Japane se Patent SitSfnl ^ P ^ 6d Japanese Patent Applications Laid- 
tion comprising a silicone urethane achate TSiSSSS^^T * diSC '° SeS a resin 

polymerfcation initiator. V ' """P 01 "* navin 9 muft.functional ethylenic unsaturated bonds and a 

K°wn£^ 

213304 discloses an invention charactered by compSngT^StSv^ ' App " Cation L-*op." No.HEl 1- 
compound and a energy beam sensitive eJ^JlS^^^^T^""^ ^ CUrab,e or 9 anic 

NO.HEI 2-28261 discloses a resin comprising a i2^S^-S£T" j3PaneSe Patent Application Laid-open 
a portion of a radically polymerizing radio-cu'ringtgaS ^SS^STSSS^^ 00mpou » ,d and 

resolution. Also, Japanese Patent Application Uid-opTn SLSL Shrinkage and improved 

epoxy resin, a vinyl ether resin, an energy beam sensttL cattonfe ♦ 3 """P 03 ^ comprising an 

an energy beam sensitive radical polyrrXat^in^ Initiat0r ' a radica "y ^ing resin, and 

75618 discloses a stereolithographic resin oaS^JiS!S^S!S^ N ° HEI 2 " 

beam curable organic compound, an energy beam MmSTSSE* ^ P 9 3 cat,onica,lv Polymerizing energy 

photo-inftiator. mg a a 'P rien y'sulfide structure wrth a benzoyl group at 4 1 -position as a 

epox, ,esin, Mc, me ulMvtoka li^lZZTLSSl . , " ,e,, ,he ""P""" » «» » 
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but a satisfactory curing performance is not obtained yet. 

[0010] In addition, Japanese Patent Application Laid-open Nos. HEI 7-61694, 7-25922 and 7-10914 disclose sulfo- 
nium salt having a diphenylsulfide structure with a carbonyl group at 4'-posrtion as a cationic photo-polymerization ini- 
tiator, and the composition applied this compound is repported to show good storage stability, good compatibility with 

5 vinylether, good hardening and little smell of cured article, but the curing performance is insufficient. 

[0011] Further, any of a radically polymerizing resin and a stereolithographic resin composition composed mainly 
of it is suffered from the hindrance to curing by oxygen, which results in low degree of cure on curing, so that it is nec- 
essary to carried out "post cure process" by ray or heat, which is necessarily concerned in curing of mold. In the post 
cure process, however, the moldings has such a disadvantage as being apt to deform. Further, these resins show large 

10 shrinkage on curing, which makes it difficult to obtain a molding with desirable dimension. 

[0012] Furthermore, cationically curable stereolithographic resins as described above in Japanese Patent Applica- 
tion Laid-open No.HEl 1-213304, No.HEI 2- 28261 and No.HEl 2-75618, have such superior charasteristic properties 
that the post cure process are not necessary and the deformation are little, as the curing proceeds through an active 
group even after the beam to be exposed are shut down, and it can also easily give shaped articles having desired sizes 

15 by virtue of small shrinkage on curing. However, these resins have such disadvantages that they have insufficient sen- 
sitivity to an energy beam to be exposed, and the cured articles show insufficient mechanical properties. 
[0013] And also, in the invention disclosed by Japanese Patent Application Laid-open Nos. HEI 9-8731 1 , 9-278935 
and 10-1681 07 mentioned above, they have insufficient sensitivity to an energy beam to be exposed. 
[0014] Therefore, the object of the present invention is to provide a novel compound useful as a suitable photo- 

20 polymerization initiator being able to give a good cured article rapidly by effective absorbtion of the radiation from the 
source of a ray, photoacid generator comprising the novel compound and photopolymerizable compositions comprising 
the same. 

[0015] And another object of the present invention is to provide a stereolithographic resin compositions, by which 
the above mentioned disadvantages of the prior art can be overcome, by which the prevention of curing under oxygen 
25 do not occur and a molding with desirable dimension can be obtained easily, having sufficient sensitivity to an energy 
beam to be exposed and to provide a stereolithographic process using the said resin composition. 

gumrrmry Qf the invention 

30 [0016] The inventors have, after thorough study, succeeded to synthesize the novel aromatic sulfonium compound 
of the general formula (I), and have found that the said compound has good compatibilities to various resins, and is acti- 
vated by effective absorption of long-wave radiation, therefore, the photo-poly me rizable composition comprising the 
said compound can be cured rapidly to give good cured articles, and also the photo-resist comprising the same has 
good sensitivity and good resolution, to finally complete the present invention. 

35 [0017] Further, the inventors have found that, when a stereolithographic resin composition comprizing an aromatic 
sutfonium salt compound of the following general formula (I) as an erergy beam sensitive cationic polymerization initia- 
tor, with a cationically polymerizing organic substance is applied to stereolithographic process by exposing to a certain 
specific energy beam, this resin composition do not suffer from the hindrance to curing by oxygen, can easily give 
shaped articles having desired sizes by virtue of the high accuracy thereof in curing, owing to the high sensitivity thereof 

40 for radiant energy, to finally complete the present invention. 

[0018] That is, the present invention is an aromatic sulfonium compound expressed by a general formula (I), 
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wherein, R 1 is a p-phenylene group, in which one or more hydrogen atoms are substituted by halogen or alky! group, 
R 2 is a hydrocarbon radical, in which oxygen or halogen may be contained, Y 1 and Y 2 are identical or different, respec- 
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Splnd.'"" ^ h "«" * - * *— «-» ^, »» — ««, M SMMm 

EUr^T ** PmSem * 8 P^PO-yrner^le cordon ^ «. pBo . 

10021, Fum,er™„. „» p«.„ lnv , nlton te , eMBMbegatttto res , n ^ 

(1) canonical!), polymerizing organic substance, and 

layer, the energy of the beam with an emission «S£E5 ° T- * Pr ° dUCe 3 desired thickness * «i>d 

energy of the beam with an emission wave lengTS S> ^ JZlZ ^ M ^ *" 70% based °" *• total 
layer is overlaid with another layer of the stereoltthoomnhS ^ 6 the eXp0Sed P 0 * 0 " thereof ; then, the cured 

ses a s t nd ^ ,aye " ^ ^ sk^zt fe ^ in the same mann - 

obtain a three-dimensional molding. P layer ' and ^ e same Process is repeated to finally 

[0023] In addition, the resin composition can contain, 
(3) radically polymerizing organic substance, and 

<4> energy beam sensitive radical polymerization initiator as essential components. 

--n^ - -in an organic com- 

Drawing s 

[0025] 

Rgure 3 is an illustration of a ste to form 7 " stereo,rtho 9^hic process, 

graphic process. P ^ * SeC ° nd ,ayer of uncured »•*■ on the first cured layer in the stereo.itho- 

n 9 ure 4 is an illustration of a step to form a second cured layer in the stereo, ft hographic process. 
Description of th e Pr^ferrM Embodimen ts 
[0026] in the general formula (I) mentioned abov*> r1 ic = 

atoms are substituted by halogen atoms or alkyl groups' For examSelZT IT"' ^ °" e ° r more hydroaen 
gen atoms are substituted by fluorine, chlorine, bromine Z^T^^T"* tW ' WWCh °" e or more "V^ 0 ' 
butyh pentyl-, isopentyl-, tert-pentyl-, neopentyl- hexj? isohiJTT^f * 2 ^ iS ° Pr ° PyK bu ^ isobutyl-, tert- 
. dodecyl-, tridecyl-, isotridecyl-, myristyl- oalmi^l \ZL£ Pty ' ° CtyK ^Wnexyl-, nonyl-, decyl- undecvl- 

from 1 to 4, a^d the position on^S^ZlhoSS^ > such subs^enJaro 

' r i ^:^^^ e T^ znz^zx — Exampies * — ^o. 

nyl group, halogenated phenyl group, phenoxy group ZZjfZZlTJl'T P^ny. group, alkylphe- 

[0028] Examples of gro m-f ^ above include mS "SS ^ f arb ° ny ' fln "* and1he 
butyl-, pentyl-, isopentyl-, tert-pentyl-, neopentyl- hexJl TsohLTS^ V ' T^'"' iS ° pr ° PyK buty| -' isobut y'-. tert- 
. dodecy,-, tridecyl-, isotridecyl-, myristyl-.^m^,^^ 2-ethylhexy.-. nonyl-, decyl-, undecyl- 

be substituted by phenyl group or acyl group ' "^^P and *e And, one or more hydrogen atoms may 

™2e^ 

Sxy., ^^qcsrxitri e * oxy - prapy,oxy -- ~- 

group and til. lite. c "°* y ' ul ^ tox ^*«^to<v-.nvn s i^ox > .,pa lm | t> ,| oxy . ^ 
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[0032] In addition, when a hydrocarbon radical mentioned above has phenyl groups, one or more hydrogen atoms 
of the phenyl groups can be substituted by halogen atoms, alkyl group, hydroxy alkyl group, alkoxy group, hydroxyl 
group, ester group (alkoxycarbonyl group) and acyl group, and one or more hydrogen atoms of such a substituent can 
be substituted by halogen atoms, hydroxyl group etc. These alkyl group, hydroxy alkyl group, alkoxy group, hydroxyl 
group, ester group (alkoxycarbonyl group) and acyl group may be the same with afore mentioned group. 
[0033] In the general formula (I) mentioned above, Y 1 and Y 2 are identical or different, hydrogen, halogen or oxygen 
atom, or an alkyl group, respectively, in which can contain oxygen or halogen atoms. When Y 1 or Y 2 is an alkyl group, 
in which can contain oxygen or halogen atoms, the alkyl group may be the same one, described above in the case of 
R 2 . The position of Y 1 or Y 2 is not limited. 

[0034] In the general formula (I) mentioned above, X is a group of atoms, which can form a monovalent anion. 
Among the examples of X*, SbF 6 * , PF 6 ", As F 6 \ BF 4 \ SbCfe". CIO4 , CF3SO3-, CH3SO3 , FSCV, F 2 P0 2 ", p-toluene sul- 
fonate, campher sulfonate, nonafluorobutane sulfonate, adamantane carboxylate, tetraaryl borate, are particularly pref- 
erable to be synthesized. 

[0035] Examples of tetraaryl borate include tetraphenyl borate and its derivatives, which at least one hydrogen 
atom on the phenyl group is substituted by alkyl group, halogen atom, halogenated alkyl group, hydroxy alkyl group, 
alkoxyl group, phenyl group, alkoxycarbonyl group, and tetrakis(pentafluorophenyl) borate, tetrakis(4-fluorophenyl) 
borate, tetraphenyl borate. 

[0036] Preferable sulfonium salts of general formula (I) mentioned above, include 

4-(2-chlolo-4-benzoylphenylthio)phenyldiphenylsulfonium hexafluoroantimonate, 
4-(2-chlolo-4-benzoylphenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chlolo-4-benzoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloio-4-benzoylphenylthio)phenylbis(4-methylphenyl)sulfonium hexafluoroantimonate, 
4-(2-chlolo-4-benzoylphenylthio)phenylbis(4-(p-hydroxyethoxy)phenyl)sulfonium hexafluoroantimonate, 
4-(2-methyl-4-benzoylphenyIthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(3-methyl-4-benzoylphenytthio)phenylbis(4-fiuorophenyl)sulfonium hexafluoroantimonate, 
4-(2-fluoro-4-benzoylphenylthio)phenylbis(4-f!uorophenyl)sulfonium hexafluoroantimonate, 
4-(2-methyl-4-benzoylphenylthio)phenylbis(4-fiuorophenyl)sulfonium hexafluoroantimonate, 
4-(2,3,5,6-tetramethyl-4-benzoylphenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2,6-dichloro-4-benzoylphenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2,6-dimethyl-4-benzoylphenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2,3-dimethyl-4-benzoylphenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2-methyl-4-benzoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(3-methyl-4-benzoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2-fluoro-4-benzoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2-methyl-4-benzoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2,3,5,6-tetramethyl-4-benzoylphenylthio)phenylbis(4-chlorophenyl)surfonium hexafluoroantimonate, 
4-(2,6-dichloro-4-benzoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2,6-dimethyl-4-benzoylphenytthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2,3-dimethyl-4-benzoyiphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-acetylphenylthio)phenyldiphenyi sulfonium hexafluoroantimonate, 
4-(2-chloro-4-(4-methylbenzoyl)phenylthio) phenyldiphenyl sulfonium hexafluoroantimonate, 
4-(2-chloro-4-(4-fluorobenzoyl)phenylthio) phenyldiphenyl sulfonium hexafluoroantimonate, 
4-(2-chloro-4-(4-methoxybenzoyl)phenylthio) phenyldiphenyl sulfonium hexafluoroantimonate, 
4-(2-chloro-4-dodecanoylphenylthio) phenyldiphenyl sulfonium hexafluoroantimonate, 
4-(2-chloro-4-acetylphenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-(4-methylbenzoyl)phenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-(4-fluorobenzoyl)phenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-(4-methoxybenzoyl)phenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-dodecanoylphenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-acetylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-(4-methylbenzoyl)phenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2K:hloro-4-(4-fluorobenzoyl)phenylthio)phenylbis(4<:hlorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-(4-methoxybenzoyl)phenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-dodecanoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-benzoylphenylthio)phenyldiphenyl sulfonium hexafiuoro phosphate, 
4-(2-chloro-4-benzoylphenylthio)phenyldiphenyl sulfonium tetrafluoroborate, 
4-(2-chloro-4-benzoylphenylthio)phenyldiphenyl sulfonium perchlorate, 
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polyhydric alcohols or their alkylene oxide adducts, polyglycidyl esters of aliphatic, long chain, poly-basic acids, 
homopolymers of glycidyl acrylate or methacrylate prepared by vinyl polymerization, copolymers of glycidyl acrylate or 
methacrylate, prepared by vinyl polymerization with other vinyl monomer and the like. Typical examples of such com- 
pounds include glycidyl ethers of polyhydric alcohols, such as 1,4-butanediol diglycidyl ether, 1 ,6-hexanediol diglycidyl 

5 ether, triglycidyl ether of glycerol,triglycidyl ether of trimethylol propane,tetraglycidyl ether of sorbitol, hexaglycidyl ether 
of dipentaerythritol, diglycidyl ether of polyethylene glycol, and diglycidyl ether of polypropylene glycol; polyglycidyl 
ethers of polyetherpolyols, which can be obtained by adding one or more alkylene oxides with aliphatic polyhydric alco- 
hols such as propylene glycol, trimethylol propane and glycerol; and diglycidyl esters of aliphatic, long chain di-basic 
acids. Further, mention may be made of mono-glycidyl ethers of aliphatic higher alcohols; mono-glycidyl ethers of phe- 

10 nol, cresol, butyl phenol, or polyether alcohols which can be obtained by adding alkylene oxide thereto; glycidyl esters 
of higher fatty acids; epoxidized soybean oil; octyl epoxy-stearate; butyl epoxy-stearate; epoxidized soybean oil; epoxi- 
dized polybutadiene and the like. 

[0047] As the aromatic and aliphatic epoxy resins described above, suitable products available commercially 
include Epicoat801, Epicoat828, (from Yuka-Shell-Epoxy Co.), 

15 

PY-306, 0163, DY-022, (from Ciba-Geigy Co.), KRM-2720, EP-4100, EP-4000, EP-4080, EP-4900, ED-505, ED- 
506, (from Asahi Denka Kogyo Co. Ltd.). Epolight M-1230, Epolight EHDG-L, Epolight 40E, Epolight 100E, Epolight 
200E, Epolight 400E, Epolight 70P, Epolight 200P, Epolight 400 P, Epolight 1500NP, Epolight 1600, Epolight 80 MF, 
Epolight 100MF, Epolight 4000, Epolight 3002, Epolight FR-1500, (from Kyoeisha Chemical Co., Ltd.), Santoto 
20 ST0000, YD-716, YH-300, PG-202, PG-207, YD-172, YDPN638, (from Tohto Kasei Co, Ltd.) 

[0048] Examples of the oxetane compounds described above, include 3-ethyl-3 -hydroxy methy loxet a ne, 3- 
(meta)allyloxymethyl-3- ethyloxetane, (3-ethyl-3-oxetanylmethoxy)methylbenzene, 4-fiuoro-[1 -(3-ethy!-3-oxetanylmeth- 
oxy)methyl] benzene, 4-methoxy-[1 -(3-ethyl-3-oxetanyimethoxy)methyl] benzene, [1 -(3-ethyl-3-oxetanylmeth- 

25 oxy)ethyl]phenylether, isobuthoxymethyl(3-ethyl-3-oxetany I methyl) ether, isobornyloxyehtyl(3-ethyl-3-oxetanylmethyl) 
ether, isobornyl (3-ethyl-3-oxetany I methyl) ether, 2-ethylhexyl (3-ethy1-3-oxetany I methyl) ether, ethyldiethyleneglycol (3- 
ethyl-3-oxetanylmethyl) ether, dicyclopentadiene(3-ethyl-3-oxetanylmethyl) ether, dicyclopentenyloxyethyl (3-ethyl-3- 
oxetanylmethyl) ether, dicyclopentenyl(3-ethyl-3-oxetanylmethyl) ether, tetrahydrofurfuryl(3-ethyl-3-oxetanylmethyl) 
ether, tetrabromophenyl(3-ethyl-3-oxetanylmethyl) ether, 2-tetrabromophenoxyethyl(3-ethyl-3-oxetanylmethyl) ether, tri- 

30 bromophenyl(3-ethyl-3-oxetanylmethyl) ether, 2-tribromophenoxyethyl(3-ethyl-3-oxetanyi methyl) ether, 2-hydroxye- 
thyl(3-ethyl-3-oxetanylmethyl) ether, 2-hydroxypropyl(3-ethyl-3-oxetanylmethyl) ether, buthoxyethyl(3-ethyl-3- 
oxetanyimethyl) ether, pentachlorophenyl(3-ethyl-3-oxetanylmethyl) ether, pentabromophenyl(3-ethyl-3-oxetanylme- 
thyl) ether, bornyl(3-ethyl-3-oxetanylmethyl) ether, 3,7-bis(3-oxetanyl)-5-oxa-nonane, 3,3'-(1 ,3,-(2-methyienyl)propan- 
ediyl bis (oxy methy lene))bis-(3-ethyloxetane), 1 ,4-bist(3-ethyl-3-oxetanylmethoxy)methyl]benzene, 1 ,2-bis[(3-ethyl-3- 

35 oxetanylmethoxy)methyl]ethane, 1 ,3-bis[(3-ethyl-3-oxetanylmethoxy)methyl]propane, ethyleneglycolbis(3-ethyl-3-oxe- 
tanylmethyl) ether, dicyc lope ntenylbis(3-ethyl-3-oxetany I methyl) ether, triethyleneglycolbis(3-ethyl-3-oxetanyimethyl) 
ether, tetraethyleneglycolbis(3-ethyl-3-oxetanylmethyl) ether, tricyclodecanediyldimethylene(3-ethyl-3-oxetanylmethyl) 
ether, trimethylolpropanetris(3-ethyl-3-oxetanylmethyl) ether, 1 ,4-bis(3-ethyl-3-oxetanylmethoxy) butane, 1 ,6-bis(3- 
ethyl-3-oxetanylmethoxy) hexane, pentaerythritoltris(3-ethyl-3-oxetanylmethyl) ether, pentaerythrrtoltetrakis(3-ethyl-3- 

40 oxetanylmethyl) ether, polyethyleneglycolbis (3-ethyl-3-oxetanylmethyl) ether, dipentaerythritolhexakis(3-ethyl-3-oxeta- 
nylmethyl) ether, dipentaerythritolpentakis(3-ethyl-3-oxetanylmethyl) ether, dipentaerythritoltetrakis(3-ethyl-3-oxetanyl- 
methyl) ether, caprolactone modified dipehtaerythritolhexakis(3-ethyl-3-oxetanylmethyl) ether, caprolactone modified 
dipentaerythritolpentakis(3-ethyl-3-oxetanylmethyl) ether, ditrimethylolpropanetetrakis(3-ethyl-3-oxetanylmethyl) ether, 
ethyleneoxide modified bisphenolAbis(3-ethyl-3-oxetanylmethyl) ether, propyleneoxide modified bisphenolAbis(3-ethyl- 

45 3-oxetanylmethyl) ether, ethyleneoxide modified bisphenolA, which is reduced by hydrogen, bis(3-ethyl-3-oxetanyl me- 
thyl) ether, propyleneoxide modified bisphenolA, which is reduced by hydrogen, bis(3-ethyl-3-oxetanyl methyl) ether, 
ethyleneoxide modified bisphenolF(3-ethyl-3-oxetanylmethyl) ether, and the like. These compounds may be used inde- 
pendently or in combination. These oxetane derivatives may. be used preferably to effect flexible property for the mold- 
ing. 

so [0049] The cationicaily polymerizing organic substances, which are described above as components of photo- 
polymerizable composition, can be applied as well as (1 ) cationicaily polymerizing organic substances used in the ster- 
eolithografic resin composition of the present invention. 

[0050] Furthermore, it is particularly preferable to employ an epoxy compound having cyclohexen oxide strcture in 
a molecule among the epoxy compounds described above in an amount of 30 or more % by weight based on catinically 
55 polymerizing organic substances to effect good curing performance (curing rate) and moldings at high precision, as the 
stereolithographic resin composition. As 70 % or.less by weight of the cationicaily polymerizing organic substances, use 
may be made of epoxy compound except for the one mentioned above or a cationicaily polymerizing organic substance 
except for epoxy compounds, as listed below. And also, it is preferable to employ the mixture of the catinically polymer- 
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20 



25 



30 



35 



40 



45 



50 



55 



-Pjy «n this invention, include ^Z^S^^ZT^ ** ^ «" * 

and 2,3-dimethyl-tetrahydrofuran; cyclic acetalTmpLnds S uS ST' "T 00m P ounds s «* as tetrahydrofuran 

^ ane; cyclic lactones such as p-propio.actone Sd KSSSETJ ' W,OXO ™e ™ 1 AS-trioxan^yclooc- 
thoep.chlorohydrine; thietane co cationically poCeTS Sanfc IS* ""P 0 ""* suo " 35 «nyte ne sulfide and 
mpounds such as 1,3-propine sulfide and 3 3 dlmeZ S3 ^ nces ' use ma V be made of the cationically 
ophene derivatives^! ether compounds s^^^f^Z^Z «* as tetrahydro-2 

2-hydroxyethyl vinylether, triethyleneglycol divinyTeTer I !2h I f Mnytether ' a,k >" ^V^er, 2-chloroethy. vinylethe 

" etter. propeny. ether of propylenegVcol; tSXS^ST^ 'T*™ 1 ether « ^roxybuthyi 5 

obta.ned by the reaction of epoxy compound iSS^T^ "" h " Spir °^ rm ° «ter compou^ 
ene, and the derivatives thereof. aCt ° neS ' Styrene ' v,n y' cydohexene, iso-butylene and polybuta? 

S^mXtS 
» organic substances to effect flexible PTO^Sr * based on «- -fionically po Sng 

^beda^vec^^ «« -«onica.,y polymery organic substances 

the too parts by weight of a cationically polymerfeino Soan^l^ T ° f ° ° 5 to 10 parts «* wei 3* based on 

P^merizaflon inKiator, filter. .^E^p^S^J? " ^7 — — thermosens^e cationic 
eterdant, anfloxidant, may be added in the thicke "-. stabilizer, flame 

[0057] The photo-polymerizing composition of the or^nHn ^ P " ° f present invention, 
ufecturing of printing plate for mho printing or relie ^S^!T* ** Wkte * example man- 

oim proces f 9 such as re,ief image and p^^o£tS22T?^ of printed board - IC and LS| . 

[0058] ,„ ^ stereolithographic resin, afore-mentioned^P„^ k "*' C ° ating or *»»sh»s etc. 

can be used preferably at the content of 0.05 to 10 SEES mo fl?^ 6 " 8 ^ 6 CatbniC P^lzatton inttator 

he (1) cat.onically polymerizing organic substance 

are the (meth)acrylates of aromatic epoxy resins which aTfn^ ?! * P referable of tbese epoxy (meth)acrylates 
dnc phenol having at least one aromatic Z^T^Z^X*!"**" " 3 *her of a po yS 

tonl TT rV,ate 0bt3ined bv the reac «°n of L g yS eS a "d 12 T "* < metn > a -y»° acid. One exampfe 
ton of bsphenol A or an added alkylene oxide S£3 Z SiT^f ^ »«e former obtained by the reac- 

or powers having 'a ^^.SE^S * ^ ° f — po^este. 

[oSr b c ereact i onof '^ss ccKssir* " d an isocyanate - andth °- 

[0064] Among polyesters having a hydroxvl orou D th» m„ ♦ I P a " ,soc yanate. 
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dipentaerythritol. Examples of the polybasic acids include adipic acid, terephthalic acid, phthalic anhydride, and trimel- 
litic acid. 

[0065] Among polyethers having a hydroxyl group, the most preferable. ones are those obtained by adding one or 
more alkylene oxides to a aliphatic polyhydric alcohol. Examples of the aliphatic polyhydric alcohols are such as those 
5 listed above. Examples of the alkylene oxides include ethylene oxide and propylene oxide. 

[0066] Among (meth)acrylic esters having a hydroxyl group, the most preferable ones are those obtained by the 
esterification of an aliphatic polyhydric alcohol and (meth)acrylic acid. Examples of the aliphatic polyhydric alcohols are 
such as those listed above. 

[0067] The best suited of these (meth)acrylic esters having a hydroxyl group are those obtained by the esterification 
10 of a aliphatic dihydric alcohol and (meth)acrylic acid, such as 2-hydroxyethyl (meth)acrylate. 

[0068] Among isocyanates, the most preferable ones are those having one or more isocyanic group per one mole- 
cule, particularly divalent isocyanic compounds such as tolylene diisocyanate, hexamethylene diisocyanate, and iso- 
phorone diisocyanate. 

[0069] The most preferable polyester (meth)acrylates are those obtained by the reaction of a polyester having a 
15 hydroxyl group and (meth)acrylic acid. Among polyesters having a hydroxyl group, the most preferable ones are those 
obtained by the esterification of one or more aliphatic polyhydric alcohols and one or more monoacids, polybasic acids 
and phenols. Examples of the aliphatic polyhydric alcohols are such as those listed above. Examples of the monoacids 
include formic acid, acetic acid, butyl carbonic acid, and benzoic acid. Examples of the polybasic acids include adipic 
acid, terephthalic acid, phthalic anhydride, and trimellitic acid. Examples of the phenols include phenol, p-nonyl phenol, 
20 bisphenol A, and the like. The most preferable polyether (meth)acrylates we those obtained by the reaction of a poly- 
ether having a hydroxyl group and (meth)acrylic acid. Among polyethers having a hydroxyl group, the most preferable 
ones are those obtained by adding one or more alkylene oxides to an aliphatic polyhydric alcohol. Examples of the 
aliphatic polyhydric alcohols are such as those listed above. Examples of the alkylene oxides include ethylene oxide, 
propylene oxide and the like. 

25 [0070] The most preferable (meth)acrylic esters of alcohols are (meth)acrylates obtained by the reaction of an aro- 
matic or aliphatic alcohol having at least one hydroxyl group per one molecule or an added alkylene oxide thereof, and 
(meth)acrylic acid. Examples of such (meth)acrylates include 2-ethylhexyl (meth)acrylate, 2-hydroxyethyl (meth)acr- 
ylate, 2-hydroxypropyl (meth)acrylate, isoamyl (meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate, isooctyl 
(meth)acrylate, tetrahydrofurfuryl (meth)acrylate, isobonyl (meth)acrylate, benzyl (met h)acry late, 1 ,3-butanediol 

30 di(meth)acrylate, 1 ,4-butanediol di (met h)acry late, 1 ,6-hexanediol di(meth)acrylate, diethylene glycol di(meth)acrylate, 
triethylene glycol di(meth)acrylale, neopentyl glycol di(meth)acrylate, polyethylene glycol di(meth)acrylates, polypropyl- 
ene glycol di(meth)acrylates, trimethylolpropane tri(meth)acrylate, pentaerythritol tetra (meth)acrylate, dipentaerythritol 
hexa(meth)acrylate, and e-caprolactone-modified dipentaerythritol hexa(meth)acrylate. 
[0071] Among these (meth)acrylate, poly(meth)acrylate of polyhydric alcohols are particularly preferable. 

35 [0072] As the radically polymerizing organic substance described above, suitable products available commercially, 
for example of monovalent products, include AronixM-101, M-102, M-111, M-113, M-117, M-152, TO-1210(from Toago- 
sei Co., Ltd.), Kayarad TC-110S, R-564, R-128H, (from Nippon Kayaku Co., Ltd.), Biscoat192, Biscoat220, 
Biscoat2311HP, Biscoat2000, Biscoat2100, Biscoat2150, Biscoat8F, Biscoat17F, (from Osaka Yuki Chemical Ind.,). 
[0073] And, for example of polyvalent products, include SA1002,(from Mitsubishi Chemical Co., Ltd.,), Biscoat195, 

40 Biscoat230, Biscoat260, Biscoat215, Biscoat310, Biscoat214HP, Biscoat295, Biscoat300, Biscoat360, BiscoatGPT, 
Biscoat400, Biscoat700, Biscoat540, Biscoat3000, Biscoat3700, (from Osaka Yuki Chemical Ind.,), Kayarad FR-526, 
HDDA, NPGDA, TPGDA, MAN DA, R-551, R-712, R-604, R-684, PET-30, GPO-303, TMPTA, THE-330, DPHA, DPHA- 
2H, DPHA-2C, DPHA-21, D-310, D-330, DPCA-20, DPCA-30, DPCA-60, DPCA-120, DN-0075, DN-2475, T-1420, T- 
2020, T-2040, TPA-320, TPA-330, RP-1040, RP-2040, R-011, R-300, R-205,(from Nippon Kayaku Co.,Ltd.), AronixM- 

45 210, M-220, M-233, M-240, M-215, M-305, M-309, M-310, M-315, M-325, M-400, M-6200, M-6400, (from Toa Gosei 
Co.,Ltd.), Light AcrylateBP-4EA, BP-4PA, BP-2EA, BP-2PA, DCP-A, (from Kyoeisha Chemical Co M Ltd.), Newfron- 
tierBPE-4, TEICA, BR-42M, GX-8345, (from DaMchi Kogyo Seiyaku Co.,Ltd.), ASF-400, (from Nippon Steel Chemical 
Co.,Ltd.) Ripoxy SP-1506, SP-1507, SP-1509, VR-77, SP-4010, SP-4060, (from Showa Highpolymer Co.,Ltd.), NK 
EsterA-BPE-4, (from Shin-Nakamura Chemical Co., Ltd.). 

so [0074] The above radically polymerizing organic substances may be used independently or in combination to attain 
a desired property. 

[0075] It is also preferable that 50 % by weight or more based on the radically polymerizing organic substance is a 
compound having (meth)acrylic group in the molecule. 

[0076] The content of the radically polymerizing organic substance used in the present invention is preferably not 
55 more than 200 parts by weight particularly preferably 10 to 100 parts by weight, based on 100 parts by weight of the 
cationicaliy polymerizing organic substances. 

[0077] The (4) energy beam sensitive radical polymerization initiator, used in the present invention, is a compound, 
which enables to initiate the radical polymerization upon exposure to an energy beam, and preferably includes ketone 
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» [0087] Preferable e | "wention as optional compo- 

yhydnc alcohols or polvhvdrie m,*™.* u ,act °nes with one or more polyhvdric ■tenhniT^^ 1 and a 
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ylate, polybutene, and styrene-butadiene block copolymer hydrogenated. 

[0095] Derivatives of these thermoplastic polymer compounds having functional groups such as a hydroxyl, car- 
boxy I, vinyl or epoxy group may also be used. 

[0096] The preferable number-average molecular weight of said thermoplastic polymer compound as used in the 
5 present invention is 1000 to 500000, more preferably 5000 to 100000. A molecular weight outside this range may be 

practicable; however, an excessively low molecular weight would fall to attain desired improvement in strength, and 

excessively high one would increase the viscosity of the resin composition, making it unsuited tor optical solid molding. 

[0097] And, the content of said thermoplastic polymer compound, is 5 to 50 %, preferablly 5 to 30 % by weight. 

When the content is less than low limit, no effect is observed. In the case of higher content than higher limit, the corn- 
to position becomes disadvantagous as a stereolithographic resin composition because the viscosity of the composition 

becomes too high. 

[0098] The resin composition according to the present invention with the thermoplastic polymer compound further 
improves the mechanical properties of the cured resin in the stereolithograpphic process, compared with the same 
composition without it, and as a result, the resulting composition is preferable stereolithograpphic resin composition. 
15 [0099] If desired, a photosensitizes which is not essential, may be added in the stereolithograpphic resin composi- 
tion of the present invention. For example, the combination of the photo-sensitizer such as anthracene derivative or 
pyrene derivative further improves the cure rate compared with the resin composition without the photo-sensitizer, and 
as a result more preferable resin composition can be obtained. 

[0100] Various resin additives, such as thermosensitive cationic polymerization initiator, inorganic filler, organic 
20 filler, coloring agent such as pigment or dye, leveling agent, defoamer, thickener, flame retardant, antioxidant and sta- 
bilizer may be added as desired in the amounts of their normal use, provided that they do not impair the advantage of 
the present invention. As the thermosensitive cationic polymerization initiater, for example, onium salts described in 
Japanese Patent Application Laid-open No.SHO 57-49613 and SHO 58-37004, can be mentioned. 
[0101] Various resin additives, such as thermosensitive cationic polymerization initiator, inorganic filler, organic 
25 filler, coloring agent such as pigment or dye, leveling agent, defoamer, thickener, flame retardant, antioxidant and sta- 
bilizer may be added as desired in the amounts of their normal use, provided that they do not impair the advantage of 
the present invention. However, it is preferable that are limited to 150 % by weight or below based on the total amount 
of the stereolithographic resin composition of the present invention, so as not to amplify the distortion of the obtained 
molding. 

30 [0102] In the present invention, the beam, to which the afore-mentioned stereolithographic resin composition is 
exposed, is preferably the ultraviolet laser. The example of the beam include helium-cadmium laser, argon ion laser and 
neodymium-oscilatory laser with an emission wave length converted to one third by combination with non-linear crystal. 
Also, the beam, in which the energy of the beam with an emission wave length of 345 to 360nm is more than 70%, 
based on the total energy of the beam with an emission wave length of 250 to 400nm, is more preferable. 

35 [0103] In that case the beam with an emission wave length of less than 250nm, or more than 400 nm, is not useful 
to cure the afore-mentioned stereolithographic resin composition, that is not useful to activate the energy beam sensi- 
tive cationic polymerization initiator. However, they may be used, if desired. 

[0104] Thus, the total energy of the beam with an emission wave length of 250 to 400nm must be more than the 
required energy enough to cure the afore-mentioned stereolithographic resin composition, that is enough to activate the 
40 energy beam sensitive cationic polymerization initiator. 

[0105] If the energy of the beam with an emission wave length of 345 to 360nm is not more than 70%, based on the 
total energy of the beam with an emission wave length of 250 to 400nm, the beam cannot be absorbed enough to cure, 
so that the depth to be cured for the resin becomes too deep, and the needless cured portion is made owing to cure the 
needless portion. 

45 [0106] Examples of the beam, in which the energy of the beam with an emission wave length of 345 to 360nm is 
more than 70%, based on the total energy of the beam with an emission wave length of 250 to 400nm include Nd solid 
type laser(e.g. Nd-YV04 laser, Nd-YAG laser) with an emission wave length converted to one third (355nm) by combi- 
nation with non-linear crystal, and the laser beam with an emission wave length of 351 nm rich made by treatment 
through filter from argon ion laser(333nm, 351 nm and 364nm). 

so [0107] The first step to carry out the stereolithographic process according to the present invention is to prepare a 
stereolithographic resin composition from afore-mentioned essential constituents for the stereolithographic resin com- 
position, optional constituents if desired and the other materials. 

[0108] This preparing process may be performed in a known manner by, for example, thoroughly mixing the com- 
ponents by blade turbine agitation, roll kneading, or other method. The preferred compounding ratio of <1) through (4) 
55 described above, and the types and contents of the additives to be mixed as necessary may be selected according to 
the aforementioned stereolithographic resin composition of the present, invention. Thus obtained stereolithographic 
resin composition is generally in a liquid state at room temperature. 

[0109] In the next step, a given portion of the stereolithographic resin composition is exposed to an energy beam 
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Synthesis example (1) 
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[0113] Synthesis was carried out via three steps, as follows : 
(1) Synthesis of 3,4-dichloro benzophenone. 



45 



50 



55 



d,chlorobenzophenone was obtained (yield 69%) nS ' n9 the toluene ,a ** under reduced pressur, 87g of 7 4. 

(2) Synthesis of 3-chloro-4-phenylthio-ben 2 ophenone. 

SSSES 6 ^ 9)Were P ° Ured int ° the ^ CuenS Sl e a miXtUre ' ^ ° f ^^hloeoSnzo- 

reaction m.xture, 500g of toluene were added and the itoZl 1 9 W3S eonlnuid for 3 hrs. After coolino of the 
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none (total 65.0g) were added sequentially. As soon as adding, the reaction mixture was colored to dark gray. Stirring 
was continued for 24hrs. at room temperature. Then, the reaction mixture and 300g of toluene were poured into 500g 
of methanol and 500g ice in 3000mL beaker. The underlayer was separated out, and after it was neutralised with 40% 
aqueous natrium hydrixide solution, 1500g of ethyl acetate was added therein, and stirring was continued. 
5 [011 7] 66g of KSbF6 was added therein, and stirring was continued for two hours. After the ethyl acetate layer was 
washed with 1000g of water twice, 139g of 4-(2-chioro-4-benzoylphenylthio)phenylbis(4-fluorophenyl) sulfonium hex- 
afluoroantimonate was obtained as white powder (yield 89%) by condensing under reduced pressure. 
[0118] The results of analysis are shown as follows; 

10 



Infrared absorption spectrum( ketone) v 
(C-O) 1760cm 1 


Elementary analysts 


calcd 


found 


C 


47.7% 


48.5 % 


H 


2.6% 


3.2% 


S 


8.2% 


8.5% 


Sb 


15.6% 


13.8% 


CI 


4.5% 


6.5% 



25 [0119] Identificatin of chemical structure was carried out by 1 H-NMR and 13 C-NMR. 
Synthesis example (2) 

Synthesis of 4-(2-chloro-4-benzoyiphenylthio)phenylbis (4-fiuorophenyl)suffonium hexafiuoro-phosphate. (Compound II 
30 : the following formula) 

[0120] 




so NMR and 13 C-NMR. 
Synthesis example (3) 

Synthesis of 4-(2-chloro-4-benzoylphenylthio)phenyidiphenyl sulfonium hexafluoroantimonate. (Compound III : thefol- 
55 lowing formula) 

[0122] 
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[0123] in the same manner as in Synthesis eM mni Q . 

nylsufflde and the Comound III was JSSSSSS^ £52?* ^ ° f 4 ^«— **» 

trum, elementary analysis, <H-NMR and 13 C-NMR ^entrf.cat.n was carried out by Infrared absorption spec- 

Synthesis example (4) 



< s or a tL o ;^^ 



lowing formula) 
[0124] 



-enyl sulfonium hexafluorophosphate(Compound IV : the 



fol- 
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[0125] in the same manner as in Synthesis examnio t>*\ irar 

* Zuu^f " WhitS P0Wder - «-"«oJE2 Z^oSl^T^^ * ^ and the C °™ "d IV 
45 NMR and 13 C-IMMR. ™ camea otJt lnfrared absorptton spectrum, elementary analysis, 1 H- 



50 



Synthesis example (5) 



ienyl) sulfonium hexafluoro-antimonate. 



[0126] 
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/P=Z\ SbF 6 CI 
HOCH 2 CH 2 0— <( )\ \ 

HOCH 2 CH 2 0 — (XJ/ 0 



[0127] In the same manner as in Synthesis example (1), 4,4'-bishydroxyethoxyphenylsulfide was used instead of 
15 4,4'-difuluorodiphenylsulfide and the Comound V was obtained as white powder. Identificatin was carried out by Infra- 
red absorption spectrum, elementary analysis, 1 H-NMR and 13 C-NMR. 

Synthesis example (6) 

20 Synthesis of 4-(2-chloro-4-benzoylphenylthio)phenylbis(4-hydroxyethoxyphenyl) sulfonium hexafluoro-phos- 
phate(Compound VI : the following formula) 

[0128] 



HOCH 2 CH20 

30 

HOCH2CH20 




[0129] In the same manner as In Synthesis example (5), KPF 6 was used instead of KSbF 6 and the Comound IV 
was obtained as white powder. Identificatin was carried out by Infrared absorption spectrum, elementary analysis, 1 H- 
NMRand 13 C-NMR. 
40 The following compounds were also tested for comparative test. 

(Comound VII: the following formula) 

[0130] 
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(Comound VIII: the following formula) 
[0131] 
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Spectral exposure test, 
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Table 1 




I Compound 


Quantity (mmol) 


sensitivity (energy I 
required to cure) 
(365nm) (mJ/cm 2 ) 




i 


"To" 


22 




ii 


4.0 


22 








~22 


50 


IV 


4.0 


22 


V 


1.0 


22 




VI 


4.0 


22 




VII 


~~ 1.6 


" 39~ 


55 L 


VIII 


4.0 


39 _ 
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(VII, VIII). 
Test 2 

5 [0135] Afore mentioned compounds I to VI were added as photo initiators to the mixture of 80g of 3,4-epoxy 
cyclohexylmethyl-3,4-epoxy cyclohexane carboxylate with 20g of 1,4-butane diol diglycidyl ether at the content as 
shown in Table 1, and the mixture was blended enough uniformly. The mixture was coated on an aluminium coated 
paper with bar-coator(No. 3). This sample composition was exposed to radiation from 80W/cm high-pressure mercury- 
vapor lamp by the specrometer provided with beltconveyar. The distance between lamp and beltconveyar was 10cm 

10 and line speed of the beltconveyar was 5cm/min. 

[0136] After curing, the sample was held at room temperature for 24hrs. Then the surface of the sample was tested 
by return rubbing 200times with an applicator soaked by MEK (methyl ethyl ketone). As any resin composition was suf- 
fered by no damage even after 200times return rubbing, it was found that the curing was carried out sufficiently and the 
cured article has good solvent resistance. 

15 

Test 3 

[0137] Afore mentioned compounds I to VI were added as photo initiators to the mixture of 80g of 3,4-epoxy 
cyclohexylmethyl-3,4-epoxy cyclohexane carboxylate with 20g of 1 ,4-butane diol diglycidyl ether at the content as 
20 shown in Table 1 , and the mixture was blended enough uniformly. The mixture was coated on a polyethylene terephtha- 
late film 50 ^im thick with bar-coater(No. 3). This sample composition was exposed to radiation from 80W/cm high-pre- 
sure mercury-vaor lamp by the spectrometer provided with beltconveyor. The distance between lamp and beltconveyar 
was 1 0cm and line speed of the beltconveyor was 5cm/min. 

[0138] After curing, the sample was held at room temperature for 24hrs. Then the pencil hardness of the cured 
25 samle was determined by a pencil hardness-tester under 1 kg of load. Every result determined was 2H hardness. 

[0139] Now, with regard to the stereolithographic resin composition and the stereolithographic process, the exam- 
ples' and the comparative examples are setting forth according to the present invention. In the examples and the com- 
parative examples, the term "parts" means "parts by weight". 

so Experiment 1 ; The precision of the molding (the length and the widths and the molding test. 

[0140] The stereolithographic resin composition was tested in the stereolithographic experimental system which 
consisted of a movable NC table, an optical system (together with a laser system) and a control computer, and the box, 
which is filled with the molding and have the dimension of 100mm length, 100mm width and 10mm height, was obtained 
35 from the above resin composition by curing it in steps of 0.1mm thickness according to CAD data. The differences 
between the cured article and CAD data about the length and the width, were determined. Also, the properties and the 
appearance of the model were observed. 

Experiment 2.: The determination of the sensitivity. 

40 

[0141] Using the same system as the Experiment 1 , the sensitivity of the resin was tested according to the proce- 
dure described in ( "Kohsoku sanjigen seikei no kiso" (that is, the basement of the rapid, three dimensional molding), 
editted and author by Paul F. Jacobs, p. 258, 1993 . published by Nikkei Publishing Center.). 

45 Experiment 3: The precision of the molding (the thickness of the needless cured portion to the depth). 

[0142] Using the same system as the Experiment 1 1 a specimen having the shape shown in Figure 1 , was obteined. 
There is no support under the portion near the center of the specimen. Provided that the absorption of the beam is 
insufficient, when the resin portion near the center is curing, the needless cured portion is formed. As curing of the 
so needless cured portion is insufficient, this portin is softer compared with the normal cured portion. The thickness of the 
needless cured portion was determined by being scraped out with a knife. 

Experiment 4;The measurement of the mechanical strength. 

55 [0143] Using the same system as the Experiment 1 , a bending test specimen and an impact test specimen were 
obtained. The specimen were tested for bending strength, Izod impact strength (notched) and elongation in tension 
according to the test method described in JIS-691 1 . 

[0144] The materials used for the Examples and Comparative examples were as follows: 
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-iS,^ — ' 0— . — » ca^ re8l „s , tt 5 

siKSST ~- — - ~ ^ — 1 to 3 as shown 

Radical « , : MmhWcpm. irlaoylate 

Radical initiator 1 : 2-hydroxv-2-moth«i 1 

Radical initiator 2- 1 ^S^^S I*"*"****-**. 

2- [4 ^hydroxyethox^phenyl^-hydroxy-a-rnethyl-l-propane-^n 
r0145, Rawing three Knd of iaser were applied in the Experiments. 



Exam ple 1 
[0146] 



Example ? to 8 my, rn mp , l | j3ti vg^ IDBtej! ^ ^ 



SO 



[0147] 

to 4. 



55 
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Table 2 





Example 




1 


2 


3 


4 


c 




Cation ic resin 1 


75 


75 


55 






OJ 


Cation ic resin 2 


25 


25 


15 


15 






Cationic resin 3 












1 


Cation ic resin 4 












20 


Cationic initiator 1 


2 




p 


p 


p 




Cationic initiator 2 




p 

Cm 








p 


Cationic initiator 3 














Cationic initiator 4 














Cationic initiator 5 














Radical resin 1 






PO 


pn 


pn 




Radical resin 2 












D 


Radical resin 3 






1 KJ 


in 
I u 


I u 




Radical initiator 1 






0.5 


0.5 


0.5 




Radical initiator 2 












0.5 


Type of laser 


AM 


AM 


AM 


Ar-2 


Nd-YV0 4 


Ar-1 


Bending strength (kg/cm 2 ) 


600 


510 


720 


610 


730 


810 


Izod (kg • cm/cm 2 ) 


5.1 


5.2 


6.1 


5.3 


5.9 


6.9 


Precision of moldings (length and breadth) (mm) 


0.011 


0.012 


0.010 


0.015 


0.014 


0.011 


Sensitivity (mJ/cm 2 ) 


9.8 


9.9 | 


8.3 


9.0 


7.6 


8.1 


Precision of moldings (Needless cured portion) (mm) 


0.16 


0.14 


0.15 


0.05 


0.04 


0.15 



Table 3 





Example 




7 


8 


Cationic resin 1 




40 


Cationic resin 5 


100 


50 


Cationic initiator 1 


2 


2 


Radical resin 1 




10 


Radical initiator 1 




0.5 


Type of laser 


Nd-YV0 4 


Nd-YV0 4 


Bending strength (kg/cm 2 ) 


600 


710 


Izod (kg • cm/cm 2 ) 


9.0 


7.5 


Precision of moldings (length and breadth) (mm) 


0.009 


0.010 


Sensitivity (mJ/cm 2 ) 


6.9 


8.0 
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Table 3 (continued) 



Elongation in tension (%) 



Example 



0.04 



10 



14 



10 



15 



20 



25 



30 



Tab!e4 



Comparative example 



35 



40 



45 




Precision of moldings (Needless 



lOdusirja^^ 



AM 


AM 


Ar-1 


550 


iio 


400~ 


4.9 


3.9 


3.8 


0.013 


0.015 


0.020" 


"l71 


27.5 


29.4~ 


oTi 


0.24 


0.23" 



J 



50 



55 



and good resolution RwoT? photoresls t made of this photo-polymerizabte »cT V 9 * 9 °° d cured artic| e. 

«^52^2Sff ithographic resin ^^JS^SSZ has 9 ° od sensitivrty 
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Claims 

1. An aromatic sulfonium compound expressed by a general formula (I), 



w 



15 




wherein, R 1 is a p-phenyiene group, in which one or more hydrogen atoms are substituted by halogen or alkyl 
20 group, R 2 is a hydrocarbon radical, in which oxygen or halogen may be contained, Y 1 and Y 2 are identical or differ- 
ent, respectively hydrogen, halogen or oxygen, or a hydrocarbon radical, in which oxygen or halogen may be con- 
tained, X is a group of atoms, which can form a monovalent anion. 

2. An aromatic sulfonium compound of Claim 1 , wherein R 2 is, 

25 

a) an alkyl group, in which one or more hydrogen may be substituted by a group selected from the group con- 
sisting of halogen, phenyl, alkoxy, phenoxy, acyl and ester group, or 

b) phenyl group, in which one or more hydrogen may be substituted by a group selected from the group con- 
sisting of hydroxyl group, halogen, phenyl, alkoxy, phenoxy, acyl and ester group. 

30 

3. An aromatic sulfonium compound of Claim 1 or 2, wherein Y 1 and Y 2 are identical or different, respectively any 
group selected from the group consisting of hydogen, halogen, alkyl, alkoxy, acyl, polyoxyalkylen and ester group. 

4. An aromatic sulfonium compound of any of Claims 1 to 3, wherein X is an anion selected from the group consisting 
35 of SbF 6 _ , PF 6 \ As F 6 \ BF 4 " , SbCI 6 ~, CI0 4 ', CF3SO3*, CH3SO3-, FSO3', F 2 P0 2 ", p-tbluene sulfonate, campher sul- 
fonate, nonafluorobutane sulfonate, adamantan carboxylate and tetraaryl borate. 

5. A photo-acid generator comprising the aromatic sulfonium compounds of any of Claims 1 to 4. 

40 6. A photo-poly merizabie composition comprizing the photoacid generators of Claim 5 and one or more of (1 ) cation- 
ically polymerizing organic substances. 

7. A photo-polymerizable composition of Claim 6, wherein at least one substance among the afore-mentioned one or 
more of (1 ) cationically polymerizing organic substances is an organic compound having one or more epoxy group 

45 in a molecule. 

8. A stereolithographic resin composition comprizing (1) cationically polymerizing organic substances and the photo- 
acid generator of Claim 5 as (2) energybeam sensitive cationic polymerization initiator, as essential components. 

50 9. A stereolithographic resin composition of Claim 8, which additionally comprizes (3) radically polymerizing organic 
substance and (4) energybeam sensitive radical polymerization initiator, as the essential components. 

10. A stereolithographic resin composition of Claim 8 or 9, which comprizes a compound having the cyclohexenoxide 
structure in a molecule at the content of 30% or more by weight based on (1 ) cationically polymerizing organic sub- 
55 stances. 



11. A stereolithographic resin composition of Claim 8 or 9, wherein comprizes a compound having the oxetane struc- 
ture in a molecule at the content of 30% or more by weight based on (1) cationically polymerizing organic sub- 
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stances. 



5 " J. -rein comp.es a compound having 

orgamc substances. C ° ntent ° f 50/6 ° r by weight based on (3) radically polymerizing 

cured layer is overlaid with anothe layer J * Pr0dUOe 3 desired tnicknes s <* cured layer Sen 

» same manner to produce a c^J^J^SS^T T" 9 «"*>■*■". which « SESl £ 
same process is repeated to finals obtain a £2^"* OVerlapS *• first ^^cribed cured layer and the 
graphic resin compostton of W^fS?**™ """W Which -ing the ^erSntno 

energy of the beam with an emission wave leng* of ^SoTaooZ™ * "* '"" *" ?0% ' based 

on the total 

» 16. A stereolithographic process of Claim 13 or 14 the enerav h« m t 

tne energy beam to expose is a laser beam. 
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Fig.l 




Fig.2 
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